Introduction
Chronic fatigue syndrome (CFS), including myalgic encephalomyelitis (ME) and postviral syndrome (PVS), is a name given to a condition of incapacity for making and sustaining effort, associated with a wide range of symptoms-:", The disability and the symptoms are similar to those found in chronic habitual hyperventilation or effort syndrome 9 -l 5 • The purpose of this paper is to report a study of the prevalence of chronic hyperventilation in 100 consecutive patients previously given the diagnosis ofCFS and 40 asymptomatic control subjects. During the study, it emerged that the time relationships between the onset of symptoms and the occurrence of real or purported viral infection were significant. These were also recorded and the results are presented.
Subjects
One hundred consecutive patients (34 male, 66 female, with a mean age of 36.5 years ±11; range 15-78 years) diagnosed elsewhere as having CFS and 40 asymptomatic volunteers (14 males, 26 females with a mean age of 40.2 years ±14; range 19-72 years) recruited from hospital staff, were studied.
Methods
The patients' case histories were taken and a clinical examination made to exclude those with hitherto undiagnosed organic disease. In all subjects, peak flow readings were obtained to exclude obstructive airways disease. Assessments of loss of performance, time course of illness and respiratory psychophysiological responses were made.
Assessment of loss of performance
Subjects stated as a percentage their perception of the loss of energy, stamina, concentration and memory that had taken place since they were last capable of making and sustaining effort in the way they considered normal for them.
Time course of illness
The histories of the first patients suggested that the real or purported illness was not the start of the disorder, but a marker of deterioration after a period of infirmity. Accordingly, we paid close attention to time relationships in the last 65 patients. We noted when they last considered themselves to be capable of normal performance, the period between that time and the appearance of the real or purported viral illness and the period between that event and the date of examination in this department.
Respiratory psychophysiological assessments
These were made with the subjects comfortably seated in a chair. End-tidal carbon dioxide levels (Pet CO 2 ) were recorded by means of an IL 200 infrared mass spectrophotometer, a capnograph, analysing the air drawn continuously through a fine bore plastic tube held within the dominant nostril by a lightweight headband.
The capnograph was calibrated by means of a Corning calibration cylinder (5% CO 2 , 12% 02' 83% N 2 ) with a daily correction for barometric pressure to permit Pet CO 2 to be measured on a mmHg scale. Pet CO 2 recordings were taken with a 2 channel Devices recorder. Tracings at a paper speed of 25 mm/s were examined to ensure that alveolar plateaux developed in each case. Under these conditions the differences between Pet CO 2 and arterial CO 2 tension (Pa CO 2 ) are minimal'", Thereafter, a paper speed of 0.1 mm/s was used for the testing which had four parts: (1) The resting Pet CO 2 was noted, and a value of 29 mmHg or less was deemed positive for hypocapnia.
(2) A forced hyperventilation provocation test (FHPT) was performed to assess the individual's tendency to continue to overbreathe after stimulation by breathing deeply and rapidly for 3 min and reducing the Pet CO 2 to 20 mmHg or less'". Three minutes after cessation of overbreathing the Pet CO 2 was noted and expressed as a percentage of the resting Pet CO 2 level. In accordance with Hardonk and Beumer, values below 66% were considered positive.
(3) Between 3 and 4 min from the end of the FHPT, the subjects were asked to close their eyes for the 'think test' 18. The lowest point (nadir) of Pet CO 2 reached in the 'think test' was noted and expressed as a percentage of the resting Pet CO 2 , The 'think test' was considered positive if the Pet CO 2 fell by 10 mmHg or more
The capnograph not only provides measurements of Pet CO 2 but also allows patterns of inappropriate breathing to be identified. These include an arrhythmic pattern of breathing, with marked irregularities of Pet CO 2 , as described by Evans and Lum 20 and shown in Figure 1 (b); and the Pet CO 2 level falling during the control period where a steady state would be expected or failing to rise where an upward course would be appropriate, as for example, after the challenges ofthe FHPT or the 'think test' (Figure l(c) ).
Statistical analysis
't'-tests were used to compare subjects' and controls' scores on both the percentage scales and the respiratory psychophysiological assessments. from a starting level of 30 mmHg or above, or fell 6 mmHg if the starting level was 29 mmHg or below'", (4) At the end of the 'think test', each subject was asked to open his eyes, to relax, and to signal by raising a hand as BOon as the breathing felt 'normal'. The Pet CO 2 at this level was noted and expressed as a percentage of the resting Pet C0 2 19. This 'perception' test was arbitrarily considered positive if the Pet CO 2 at the 'normal' signal was~80% of the resting level. The testing of the control group followed the procedure adopted for the patients. After the FHPT they were asked to think about personallyrelevant mental stressors and emotionally-charged experiences associated with anger, despair, fear and happiness. An example of a normal capnogram is shown in Figure l(a) .
Results

Clinical assessments
The findings were consistent with the diagnosis of chronic habitual hyperventilation in every case.
Assessment of loss of performance
There was a significant reduction of performance (in the categories of energy, stamina, memory and concentration, mentioned above), to a mean of 40% of the self-perceived 'normal' trait for that individual. (This value is the arithmetic mean of the values shown in Table 1 ). In the control group, the reduction was to a mean of 77%.
Time course of illness
Data was available on this point for 65 of the patients and the results are presented in Table 1 and Figure 2 . The mean period between the supposed or genuine viral infection considered by the patient to be the trigger of his/her illness and the consultation with us was 3.5 years. However, the mean period between the point when the patient last considered him/her self to be capable of 100% normal performance and the consultation was 5.8 years. It can thus be seen that a mean period of 2.3 years of loss of performance and non-specific ill health consistent with chronic hyperventilation pre-dated the supposed trigger.
Discussion
The symptoms and signs presented by these patients, made effort syndrome (hyperventilation due to anxiety and effort) a reasonable diagnosis for consideration, and we agree with Rice!", Lum 14 and Magarian 15 that many clinicians are reluctant to acknowledge the existence today of a condition which formerly was considered to be common.
It was interesting when taking the histories to note that in the earlier phases the patients were bitterly resentful at failure of diagnosis. In the later stages the anger and frustration were replaced by a flat acceptance of disability as the subjects 'gave in' or 'gave up' the struggle to be well, and adapted to infirmity.
These two phases resemble Sargant's'" findings in wartime exhaustion: an initial, more superficial period characterized by anxiety, panic states and phobic disorders, neurological complaints, cardiovascular deconditioning, and cardiovascular instability with chest pains, palpitations and breathlessness. This was followed by a deeper 'vegetative' phase where recovery appeared to be inhibited. Sargant had no means of measuring Pet CO 2, but Lum 22 was able to describe the physiological basis for these phases in the syndrome of chronic habitual hyperventilation. We commonly meet these phases in cardiac rehabilitation today, particularly after the treatment of myocardial infarction in hospital or open-heart surgery23 and believe that the CFS diagnosis is a label erroneously put upon the deeper phases of effort syndrome.
There are a number of reasons for impairment of muscular function in effort syndrome. These include depletion of the alkali reserves''; salt and water retentionv: the cells having a reduced potaasium'" and magnesium content'", and increased calcium ionisation-? and autonomic deconditioning'". Nowadays, we attribute Sargant's inhibition of recovery to depletion of the body's buffer base reserves, and to the consequences of profound sleep disturbances that follow depletion of the alkali reserves'".
The study of the controls supports the view that hyperventilation in itself cannot be regarded as a Table 3 . Numbers of patients and controls with positive evidence of hyperventilation pathological process. Many individuals can and do overbreathe in the course of their daily lives and it is an appropriate response to conditions causing vigilance and emotional arousaI 30.31. It is probable that the people who become ill with the physiological consequences of hyperventilation are those who overbreathe more vigorously and for longer periods of time, and respond to smaller stimuli when they are overtired and anxious. Failure of professional acknowledgment of their predicament and support in it increases anxiety and therefore sympatho-adrenal arousal'". This compels further hyperventilation'" which, in turn, generates more sympatho-adrenal activity and anxiety, the vicious circle described by Lewis 32 . One of the first therapeutic aims is to break this circle.
There are a number of reasons for failure of diagnosis of chronic habitual hyperventilation. Amongst these are the facts that the respiratory pattern is generally unobtrusive's, and most patients fail to report their overbreathing because their perception of hypocapnia is deficient 19,32. The unfortunate assumption on the part of action groups that hyperventilation is synonymous with hysterical overbreathing has led to hyperventilation being taken as an insulting suggestion that the illness is 'all in the mind'.
In an attempt to dismiss the aetiological role of hyperventilation, it is claimed by some that the breathing disturbance is the consequence of a chronic illness induced by viral infection. However. the observation of more than two years of health impairment consistent with hyperventilation prior to the date of the viral infection suggests that the latter is probably opportunistic. In cases without an actual Log scale viral infection, the onset of malaise and muscular pains is consistent with simple deepening of the hyperventilation disorder. The physiological disorders of effort syndrome rarely feature in undergraduate education and sponsored postgraduate meetings, and are therefore unfamiliar to many doctors. When the diagnosis does not come to mind there are many tempting alternatives such as anxiety syndrome, or phobic disorder, included in the American Psychiatric Association's catalogue DSM III R34, in addition to the CFS label.
Furthermore, it appears that many doctors are unfamiliar with the psychophysiological and behavioural disorders that develop when healthy people are driven beyond the boundaries of physiological tolerance, and they too easily accept viral infections as causative rather than as opportunistic. It has long been recognized that hyperventilation-related illness can appear after or be aggravated by injury or infection!'.
A further reason for lack of diagnosis may be the absence of readily available testing. Capnography is not widely available, but that did not prevent Sir Thomas Lewis" from recognizing the loss of buffer base and providing an effective therapeutic regimen in World War I. We suggest that it is reasonable to use a sleeping-resting regimen as a therapeutic test and adopt a conventional course of rehabilitation 23 ,31 before consigning the patient to a fashionable therapeutic cul de sac. Claude Bernard'", George Engel 36 and Rene Dubos'" have viewed healthy function as the biological reward for living within the boundaries of physiological tolerance. Effort syndrome, hyperventilation due to anxiety and effort, may be the natural penalty for violation.
